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ABSTRACT
One of the major problems facing dairy cattle breeders today is 
that of infertility. Repeat breeding cows are involved in this problem. 
In many instances, the causes of repeat breeding are unknown. One of 
the possible causes may be the luminal environment in the female 
genitalia.
No data is available in the literature on the physico-chemical 
properties of the undiluted samples of the luminal fluids of the 
uterus and cervix from the intact cow. The present study was, there­
fore, undertaken with the following objectives: (a) to study the
physico-chemical properties of these fluids from intact cow during 
estrus, and (b) to inter-relate these properties to the nature of 
reproductive performance of the cow under the environmental conditions 
prevailing in Louisiana,
A technique was developed to obtain these fluids from intact 
cows during estrus in satisfactory quantities. Sixty-one samples, 
including 40 cervical and 21 uterine secretions, were obtained from 
24 Holstein, 9 Jersey and 5 Brown Swiss cows of the University dairy 
herd, during the period of November 10, 1960 to July 15, 1961. Analyses 
were made on these samples for color, pH, density, dry matter, ash 
content, reducing sugars, components of reducing sugars, Na, K, Ca,
Mg, protein N, inorganic P, and semen preservation rate.
The average quantity of the luminal fluids collected from the 
cervix and the uterus was about 2 to 3 ml.
ix
The average density values of the cervical and the uterine fluids 
were 0.952 and 0,975, respectively.
The average pH values of the cervical and the uterine fluids were 
7.81 and 7.91, respectively. The difference between the two values 
was found to approach significance (P = <[.05). The pH values were 
found to vary among successive samples from the same cow. Hormonal 
treatment appeared to have some influence on the pH values of the 
fluids. The administration of estrogen appeared to shift the pH values 
of the fluids towards alkalinity while that of chorionic gonadotrophin 
tended to abate this effect and shift the pH in the reverse direction.
The average concentrations in mg./lOO ml. of various constituents 
in the cervical and uterine fluids, respectively, were as follows: 
Na-315.8 and 371.7; K-75.6 and 77.5; Ca-10.9 and 17.3; Mg-2.7 and 2.4; 
Inorganic P-3.1 and 6.6; Reducing sugars-44.3 and 41.8; and Protein 
N-97.0 and 497.0. The differences in the level of Na, Ca, Inorganic P 
and Protein N between the two fluids were found to be highly significant 
(P =^.01). Compositional variations were found between successive 
samples from the same cow and among cows within the same reproductive 
group. Various reasons for such variations were discussed. The fluids 
from repeat breeding cows appeared to have a higher concentration of 
electrolytes than those obtained from cows showing relatively normal 
reproductive performance.
The chromatographic studies indicated the presence of complex 
polysaccharides (muco-polysaccharides) in both types of luminal 
fluids.
x
Both the cervical and the uterine fluids showed sperm-preservation 
capacity at 39° C. under relatively anaerobic conditions. The capacity 
varied among fluids0
BIOCHEMICAL AND PHYSIOLOGICAL PROPERTIES OF THE 
CERVICAL AND UTERINE FLUIDS OF THE 
COW DURING ESTRUS
I. INTRODUCTION
Fertility of cattle is a major consideration in successful animal 
industry. The progress of artificial breeding has stimulated much study 
devoted to the diverse problems of fertility in cattle. In the rapidly 
expanding field of reproductive physiology, fairly comprehensive 
information is available on sperm metabolism in its natural environment, 
seminal plasma, as well as in various artificial storage media. However, 
little assessment has been made of the luminal fluids of the cervix and 
uterus which constitute the extra-cellular environment for spermatozoa, 
ova and embryos in vivo. The biological significance of these fluids as 
a medium of transport for sperm and egg cells, and as a medium for their 
metabolism and fertilization is less precisely known. The physico­
chemical study of these fluids from intact cows and their relationship 
to reproductive performance should provide useful information.
A large percentage of cows are infertile without showing any gross 
evidence of disease or genital abnormality (44). Studies with repeat- 
breeding cows and heifers seem to indicate that failure of fertilization 
may occur in about 25 percent of the animals (61, 62). Morrison and Erb 
(40) analysed 30 years' breeding records of 2,607 cows and found that 
cows which were clinically normal during the reproductive period averaged 
2.12 services per conception. Tanabe and Almquist (61) estimated that 
66 percent of the ova were fertilized in repeat-breeding heifers free of
disease and gross-genital abnormalities. Embryonic mortality rate was 
estimated to be 54 percent in these cows. About 65 percent of embryonic 
death rate occurred by the 34th day of pregnancy (60), These results 
signify the magnitude of the problem of infertility in cattle, A 
systematic analysis of the luminal environment under reference might 
possibly reveal some of the unexplained factors of sterility or 
impaired fertility in such cows.
Deficiency in the luminal environment has frequently been reported 
as one of the causes of losses of ova and embryos (26, 51). Certain 
experimental modifications of the environment in many cases, have 
resulted in full expression of the reproductive potentialities of the 
animal (51). There is, however, scarcity of data on physico-chemical 
studies of the luminal fluids from intact cows. Most of the work has 
involved slaughter house material. In many of these cases, the stage 
of the estrous cycle was unknown and the samples were pooled due to 
their being in very minute amount. Limited data from such samples have 
indicated that at a certain stage of the cycle, these fluids render 
optimum conditions for sperm transport and fertilization and at other 
stages they become unfavorable for them. The physical methods of 
studies do not reflect the chemical factors involved in such inconsistent 
behavior of the environment. The physico-chemical studies may be con­
ducive to more complete understanding of the situation.
In view of the above, the research reported herein was conducted 
with the following two objectives: (a) To study the physico-chemical
properties of the cervical and uterine secretions from intact cows 
during estrus, and (b) To interrelate these properties to the
reproductive performance of the cow under the environmental conditions 
prevailing in Louisiana.
II. REVIEW OF LITERATURE
In spite of a great deal of research done in all phases of 
fertility in cattle, the myriad unsolved problems of reproduction still 
exist and demand urgent attention. Information on the physiological 
environment provided by the internal genitalia of intact cows for sex 
cells and zygotes is very limited. According to Olds and VanDemark
(44) the research workers are, however, gradually placing physiology 
on the foundation of cellular biochemistry. The luminal fluids which 
constitute the extracellular environment for spermatozoa, ova, and 
embryos in the female reproductive tract may have an important bearing 
on the reproductive performance of the cow. The following discussion 
attempts to give a co-ordinated account of the Cervical and uterine 
secretions brought into relation with the problems of fertility and 
infertility in cows.
A. Cervix
1. Macroscopic and microscopic anatomy:
Anatomically the cervix is part of the uterus; however, it is both 
morphologically and physiologically a distinct organ (52). It is a 
strong, tubular, sphincter muscle between the vagina and uterus. On an 
average, it is 2.3 inches in length and 0.75 inch in diameter in the 
virgin heifer and 3.4 inches by 1.6 inches, respectively, in the mature 
cow (28). The cervix is covered with a single layer of mucoid epithelium 
which is much folded (52), and this gives it a characteristic appearance 
as seen under the microscope (42). It has very prominent muscular, 
fibrous and transverse annular rings of almost cartilagenous consistency
(5, 17, 42, 71). The wall of the cervix is harder, thicker and more 
rigid than that of the uterus or vagina.
Bovine cervical mucosa exhibits characteristic cytological changes 
during various stages of the estrous cycle. During the follicular 
phase, the lumen of the cervix is lined by tall, columnar epithelial 
cells with basically crowded and elongated nuclei (17, 47, 52, 53, 71). 
These mucustsecreting cells show their maximum fullness at this stage. 
Their luminal ends rupture at estrus and discharge cytoplasm (mucus) 
into the lumen of the cervix (28). Active secretion of mucus possibly 
begins at the tips and down the sides of the primary, secondary, tertiary 
and even the quarternary folds during estrus (28, 41). The cells in the 
crypts, however, remain filled and discharge their mucus only at 
irregular intervals (28). At each estrus, some of the secreting cells 
degenerate and add their cellular debris to the mucus. The majority 
of the cells, however, replenish their number prior to the onset of the 
ensuing estrus probably by mitotic divisions.
There is a definite tendency of congestion and edema in the cervix 
during heat and at the time of ovulation (28, 52). This is responsible 
for gradual relaxation and opening of the cervix immediately preceding 
and during heat. Herrick (28) points out that there is a definite 
correlation between the vascularity of the cervix and quality and 
quantity of the mucus secreted. The decreased vascularity of the cervix 
effects an alteration in the character of the mucus secreted. The 
extravasation of blood also apparently causes "blood points" in the 
os uteri (52). The appearance of brownish or blood-tinged mucus in 
early post-estrus is probably due to decomposing blood cells (52, 71).
About 2 to 3 days following heat, the mucus-secreting cells become
cuboidal in type, with oval nuclei less basally located (52). There is • 
less congestion and a corresponding decrease in the amount and increase 
in the viscosity of the mucus.
2. Method of collecting cervical mucus
Scott-Blair et^  al. (57) obtained samples of cervical mucus from 
cows by inserting the hand into the vagina and collecting as much mucus 
as possible from the area in the immediate vicinity of the cervix. Prior 
to insertion, the hand was washed, disinfected, dried, and its back 
lubricated with liquid paraffin. Woodman and Hammond (71) obtained mucus 
from slaughtered cows by means of a blunt metal scraper. The cervix was 
laid open by a longitudinal cut and the mucus was carefully removed by 
the said instrument. The adhering portion of the mucus between the folds 
of the cervix was removed by means of water applied with the aid of a 
stiff paste brush. Roark and Herman (52) collected mucous samples by 
means of an aspirator consisting of a glass tube attached to a rubber 
suction bulb. They inserted the tube of the aspirator some 10 to 12 
inches into the vagina, squeezed the rubber bulb and drew the mucus into 
the tube. Olds and VanDemark (45, 46) also collected the cervico-vaginal 
mucus from slaughtered cows. They opened the vagina by longitudinal 
incision and obtained most of the mucus from a small pool posterior to 
the cervix by aspiration with a syringe. Lardy et al. (34) used a 
speculum and pipette to draw out the specimen of cervical fluids from 
intact cows. Weisman (67) reports that Meaker's method of obtaining 
cervical specimens from woman was as follows: The cervix is exposed with
a bivalve speculum and its vaginal surface and endocervical canal just 
within the os externum are wiped dry with cotton. A glass cup is fitted 
snugly over the tip of the cervix and a partial vacuum is created in this
cup by means of a stout rubber bulb. Suction is maintained for five 
minutes and the cup is then taken off. Meaker suggests not to traumatize 
the endocervical mucosa to the point of bleeding. He, however, agrees 
that this accident is sometimes hard to avoid when the tissues are 
abnormal and inflamed.
3, Physical characteristics of cervical mucus
Cyclic changes have been noticed in the cervical mucus in vivo 
(52, 71). During estrus, the mucus in the cervix and upper vagina is 
abundant, fairly fluid, and contains considerable cellular debris. In 
the mid cycle, it is greatly reduced in amount and very viscous, and 
contains minimal amount of cellular detritus (17, 27, 28, 58, 71). If 
pregnancy occurs, the mucus hardens, and seals off the cervical canal 
(42, 56). The glands, however, continue their activity and probably 
replace the seal several times. Herrick (28) noticed that during 
metestrus, the mucus was less abundant, tinged with blood from the uterus 
and contained a moderate amount of cellular debris. The brownish color 
of the secretion which is frequently observed a few days after heat is 
probably due to the presence of decomposing blood cells (71). The flow 
of uterine secretion and local infiltration of leucocytes may also 
affect the color of the mucus.
The characteristics of the cervical secretion seem to be under the 
influence of ovarian hormones. Cesa (11) stated that estrogens stimulated 
the mucous glands of the ceprix and that extracts of corpus luteum 
increased the mucus secretion. Roark and Herman (52) hold the view that 
during the follicular phase, estrogen from developing follicles may 
physiologically over-ride the progesterone produced and give rise to 
estrus-type, watery mucus. They (52) further add that 2 to 3 days after
heat, progesterone produced by the corpus luteum may tend to abate the 
mucous secretion. Abarbanel (1) administered estrogen to bilaterally 
oophorectomized and hysterectomized women and recovered a clear watery 
cervical mucus penetrable to sperm within 48 to 72 hours. Administration 
of 5 to 10 mg. of progesterone rendered the mucus either impenetrable 
or only slightly penetrable to spermatozoa. Cohen (14) also described 
that the administration of estrogen in the castrate would produce pro­
fuse and clear cervical mucus and progesterone would dimish the quantity 
and increase the thickening of the mucus in the estrogen-primed castrate. 
He further stated that the amount and thinness of the cervical mucus 
might be improved by the administration of small doses of stilbesterol, 
viz. 0.1 to 0.2 mg. once daily, without inhibiting or delaying ovulation. 
Herman and Horton (27) found that the lowest viscosity of the bovine 
cervical mucus occurred during the first 6 hours of estrus. Berrang 
(4) found an inverse relationship between the viscosity of mucus and 
penetrability by spermatozoa. Cervical fluid undergoes liquefaction 
in response to a high level of blood estrogen at the time of ovulation 
(23) and possesses remarkable physical properties rendering favorable 
conditions for effective penetration by q>ermatozoa. During the phases 
other than estrus, conditions are not favorable in the tract and this 
may constitute a defense against possible fertilization in pregnancy.
It also is conceivable that the circumstances which cause incomplete 
liquefaction of the cervical mucus at estrus might lower fertility (48).
4. Chemical properties of cervical mucus
Great individual as well as cyclic variation in pH value of bovine 
cervical mucus has been reported by various workers. Herman and Horton 
(27) reported that the pH in vivo ranged from 7.25 to 7.39. Roark and
Herman (52) measured the pH of mucus obtained from the slaughter-house 
material at various stages of estrous cycle and found that the average 
value was 6.89 in vitro. Nalbandov (42) also reported a similar value 
and added that it remained fairly constant throughout the cycle. Lardy 
et al. (34) estimated the average pH of the mucus from 17 cows to be
i
8.33, ranging from 7.6 to 8.9. Olds and VanDemark (45) gave the average 
pH value of the mucus as 7.8. Roark and Herman (52) observed signi­
ficant differences in pH values between in vivo and in vitro measure­
ments; the latter method giving invariably higher values. The 
differences were not uniform and ranged from 0.40 to 1.33 pH units.
Several workers have studied variation in the dry matter, ash and 
nitrogen content of the mucus and have noticed marked changes in their 
content at estrus, diestrus and pregnancy stages (29, 43, 63). The dry 
matter and its nitrogen content were minimal at estrus and increased 
during the diestrus stage (7, 8, 29, 57). In general, the greater the 
amount of cellular debris present in the mucus, the higher were these 
values as well as that for phosphates (45). Apparently an increased 
vascular permeability at estrus resulted in a greater inflow of water, 
accompanying therewith the inorganic salts (45).
While there is a scarcity of data on the chemical composition of the 
bovine cervical mucus as such, the following table by Olds and VanDemark
(45) presents the average composition of cervico-vaginal fluid as compared 
with that of uterine secretions. The samples were, of course, from 
slaughter-house material, some of which were pooled. The stage of estrus 
was known only for about half of the samples.
10
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TABLE I Composition of bovine female genital-tract fluids"*
Materials and measures
Fluids
Vagina
from
Uterus
Dry matter (%) 2.4 8.4
Ash (% of d„m.) 42.6 19.6
Protein (NX 6.25) (%) 1.1 4.6
Reducing sugars (mg, %) 20.0 80.0
Fat (%) 0.4 h-1 D to
Sodium (mg, 7.) 170.0 220.0
Potassium (mg, %) 166.0 183.0
Calcium (mg, %) 11.0 15.0
Inorganic phosphorus (mg, 7.) 1.5 7.4
Chloride (as NaCl) - (mg, %) 526.0 362.0
a/
From Olds and VanDemark, J. Am. Vet. Med. Assoc*, 131 : 555.
1957.
The dry matter and its nitrogen content were lowest and ash content 
was highest in the cervico-vaginal mucus (63)0 Sodium content was 
somewhat lower and potassium' concentration was considerably higher in 
these secretions as compared to normal bovine blood plasma (64). The 
calcium content of these secretions were comparable among themselves 
as well as with that of blood (63), The sodium and potassium compounds 
present in these secretions could account for about 80 percent of the 
osmotic pressure; these secretions were slightly hypertonic (46)„
During the luteal phase of the cycle, the sodium content of the uterine 
Eluid appeared to increase (26, 46)* Calcium values appeared to be 
somewhat higher in the uterine and vaginal fluids during estrus than 
during other stages, while reducing sugars were observed to be slightly
11
higher in these fluids during diestrus (46). Kaemmerer and Neumann 
(30) found that cervical mucus obtained from the slaughter-house 
material gave a value of reducing substances from none to 1310 mg. 7.. 
Samples with large cell content or traces of blood had a greater amount 
of reducing substances.
B. Uterus 
1. Macroscopic and microscopic anatomy
The bovine uterus is a Y-shaped hollow muscular organ consisting of 
a body and two horns; the body is smaller than the horns, which are long, 
tapering and curved downwards, outwards, backwards and upwards to end 
within the pelvis at about the level of the cervix (5). The whole organ 
is held in position by means of broad ligament attached to pelvic and 
abdominal walls, lies in the abdomen below the rectum at a higher level 
than the bladder, and becomes continuous with the cervix and the vagina 
posteriorly (5, 42). The broad ligament carried blood and nerve supplies 
to the uterus.
In general, the uterine wall consists of three layers viz., the 
serous or peritoneal membrane, the myometrium and the endometrium (18, 42), 
The myometrium is usually the thickest layer and is arranged in two 
layers viz., the external longitudinal and the internal circular muscles 
separated from each other by the vascular layer (18). The vascular layer 
carries the most important blood vessels supplying the uterus (42). The 
endometrium is differentiated into the specialized non-glandular areas, 
called cotyledons or caruncles and the intercotyledonary areas, where 
abundant long tubular uterine glands open (18, 52). These glands are 
surrounded by numerous blood and lymph vessels and appear to actively 
secrete uterine milk during the early stages of pregnancy (18)•
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The histological and morphological changes occur in the endometrium 
and its glands during the estrous cycle under the control of ovarian 
hormones and are thus related to the activities of the hypophysis 
(42, 48)* The changes that occur preceding and succeeding ovulation 
are meant to prepare the endometrium for implantation as well as for 
nourishment of the fertilized ovum or ova. During proestrus, Roark 
and Herman (52) observed that the epithelial cells of the uterine mucosa 
were tall, columnar and pseudostratified. The nuclei tended to be 
located basally. Nalbandov (42) described the uterine glands as rather 
simple, straight, and with few branching during the follicular phase 
of ,£he cycle. Such a state of the glands could be duplicated in estrogen- 
administered castrate females. During the luteal phase, the endometrium 
attains conspicuous thickness, the glands grow rapidly in diameter and 
in length and become extremely branched and convoluted.
Histological changes in the uterus are relatively slight following 
ovulation and are similar in the pregnant and non-pregnant animal 
for the first two weeks. The changes are marked by increase in 
vascularity, gland growth and.height, and folding of the epithelium (54). 
Estrogen causes increased vascularization and greater mitotic activity 
of the uterus, which subsequently results in an increase in uterine 
weight (42). In the absence of fertilization, the endometrium undergoes 
regressive changes (48). Warren (66) points out that the secretory 
activity of the uterine glands of mammals varies considerably at different 
times in the same mammal. The exact relationship of ovarian hormones, 
uterine secretion and ovum development in vivo is not clear (19).
Nutritive material in the form of glycogen, lipids and other sub­
stances accumulates in the epithelium and stroma of the endometrium 
which may provide nourishment to the developing embryo in the event of
13
pregnancy (48). The amount of these substances, however, shows a cyclic 
variation even in the individual females of a single species. Corner 
(15) found that progesterone was necessary for implantation as well as 
for the nutrition of the blastocysts during the three or four days in the 
rabbit uterus. During the progestational period, there is a decrease in 
the muscular activity and tonicity of the uterus, and this facilitates 
the retention of the ova in the uterus (48).
Phelps (49) has demonstrated that an increased blood supply is 
indicated just below the uterine epithelium prior to implantation of the 
blastocyst. This ensures an adequate supply of nutritive material to the 
endometrium. Prior to attachment to the uterine mucosa, the blastocyst 
makes considerable growth and hence requires more nutrients than are 
stored in the ovum (48, 54). During this period, nutrients are supplied 
by the secretions and cell-debris of the uterine glands--the uterine 
milk (48). In the earliest stage, the blastocyst directly absorbs from 
cell, to cell. This method is later replaced by a vascular route in the 
two systems, yolk-sac and allantoic. According to Winter et al. (70) 
the fertilized ovum arrives in the uterus at the 32-cell stage about the 
fifth day after mating. It rapidly develops with the nutrition obtained 
from uterine milk and by tissue detritus ingested by the cells of the 
trophoblast. The rapidly growing embryo must soon become attached to the 
maternal cotyledons in order to supplement the nutrients obtained from 
the uterine glands with additional nutrients from the maternal blood 
supply.
The uterine changes in normal cows at various stages of the cycle 
are not as clear-cut as they are in castrated females treated with ovarian 
hormones because of overlapping in the secretion and action of the two
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hormones (42), However, in the normal cow, the uterine histology may 
well indicate the ovarian activity especially in cases of abnormalities 
such as cystic ovaries or non-functional corpus luteum.
According to Warren (66) Allen made an intensive study of the 
histological changes in the endometrium of the rat uterus during normal 
estrous cycle, pseudo-pregnancy and pregnancy and noticed significant 
changes in the surface epithelium and the glands. There seemed to be no 
relationship between the growth of the glands and uterine secretion. 
However, the hormonal balance appeared to influence the distention of 
the glands and rate of secretion. Maximum rate of secretion was observed 
during estrus when the glands were in distended state. The glands 
returned to shrunken state following ovariectomy during pseudopregnancy 
and pregnancy. Roark and Herman (52) reported that the uterine glands 
in the bovine during proestrus were spiral in shape and branched freely 
in the superficial stroma. Leucocytes were present in greatest numbers 
during proestrus and estrus. Variation in epithelial height, stromal 
density and vascularization of the cotyledonary areas were similar to, 
but less pronounced than, those occurring the the inter-cotyledonary 
areas. Foley and Reece (18) stated that the uterine glands in the bovine 
are abundant throughout the inter-cotyledonary area of the endometrium 
and are not found in the caruncle proper. Xn the non-gravid uterus, a 
single layer of simple, tall columnar epithelial cells with oval, basal 
nuclei covers the entire surface of both areas. In early pregnant 
heifers, the glands were larger and more numerous in the middle and 
deeper zones of the mucosa and their spacious lumen gave the impression of 
greater secretory activity. Age of the cow also appeared to affect the 
size of the glands.
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2. Methods of obtaining uterine fluid
Olds and VanDemark (43, 45, 46) collected uterine fluids from the 
uterus of slaughtered cows by separating the uterine horns to the point 
of bifurcation, incising the broad ligament close to the uterus, clamping 
the uterine lumen, cutting off the uterine horn just anterior to the 
cervix, and finally passing the horn individually through a hand-operated 
clothes wringer at moderate pressure and collecting the fluid in a 
small vial attached to the tubal end of the uterine horn. Lardy et: al. 
(34) also obtained the fluid from slaughter-house material by similar 
techniques. Olds and VanDemark (46) noticed in many cases that the 
uterine mucosa was moist but no fluid could be collected by the method 
followed. The largest amount of uterine fluid they could recover was 
8.0 ml. with an average of 0.75 ml. Observations made in over 70 cows 
at a Moscow abattoir (59) revealed that uterine secretion was found only 
during the first half of estrus and even then not in all animals.
Heap and Lamming (26) obtained a limited number of uterine secretions 
from intact cows by flushing the uteri with an isotonic solution. The 
rate of dilution could not be ascertained in the samples so obtained (25).
3. Physical properties of the uterine secretion
At or near estrus, uterine fluid is reported to be quite watery and 
slightly gray in color. Shortly after estrus it is often bloody, 
mucus-like or slightly yellowish with a tendency to clot (46). Sergin 
et al. (59) observed in over 70 cows that mating or insemination caused 
a considerable increase in the amount of uterine secretion, after an 
interval of 8 to 48 hours. The relative viscosity of the secretion was 
.1 to 1.6 as compared to 24 for the vaginal mucus. Warren (66) states that 
some secretion does accumulate in the uterus of most mammals, but not in
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very large quantities. Very little attention has been paid to the study 
of the uterine secretion because of its relatively minute quantity and 
the difficulty in obtaining samples (46).
4. Chemical properties of uterine fluid
The average pH of the uterine fluid has been reported to be 7.1 
(45, 46, 59). The pH varies little during the sexual cycle (59).
However, after mating there is reported to be a shift of pH towards 
alkalinity. Olds and VanDemark (43) observed that the pH of the uterine 
fluid containing semen was 6.2 at the end of a 3.5 hour experimental 
period as compared to 6.6 in the fluid containing normal saline. Lardy 
et al. (34) determined that the pH of uterine wash (using 5 cc. double 
distilled water flushed through the uterus) ranged from 6.6 to 7.15, 
with an average value of 6.8. Skaarp, as cited by Olds and VanDemark 
(46), states that bacterial infection causes an increase rather than a 
decrease in the pH value.
The chemical composition of the uterine fluid and its comparison 
with the cervico-vaginal mucus and bovine blood have already been dis­
cussed while reviewing chemical properties of the cervical mucus. There 
is an absence of data on the chemical composition of the uterine fluids 
from intact cows. Heap and Lamming (26) found an indication of an in­
crease of Na, K, N and carbohydrate content in the uterine secretion 
during the luteal phase and under the influence of progesterone. Other 
workers reported that Na levels were considerably higher during the luteal 
phase, while calcium values were slightly higher near estrus in the 
uterine secretions of cows (46).
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C. Survival of Spermatozoa in Cervical and Uterine Fluids
Olds and VanDemark (43) mixed uterine and cervical secretions with 
semen in the ratio of 1:3 or 1:4 incubated them at 37° C. in capillary 
pipettes and found the average longevity of motility to be 9 hours in 
each case,* They observed a markedly faster rate of travel of sperma­
tozoa in the uterine fluid from cows near estrus than in cows at other 
stages. In another experiment (45) these workers noticed average 
longevity of motility to be 9 hours and 7 hours in uterine and cervical 
secretions, respectively, under relatively anerobic conditions at 37° C. 
Again, the spermatozoa appeared to live longer in the cervical mucus and 
uterine fluid from cows in or near estrus than in the same fluid at other 
stages of the cycle,
Sergin et^  al. (59) pointed out that a predominantly alkaline re­
action and high electro-conductivity are the two conditions prevailing 
in the female genital tract. Although, these conditions have a stimu­
lating effect on sperrnatozoan motility, they have adverse effects on 
spermatozoan survival. Conditions in the cervix are more favorable for 
sperrnatozoan survival due to a slightly acidic reaction and absence of 
leucocytes. These conditions enable the spermatozoa to survive for 2 to 
3 days, and thus, a constant supply of spermatozoa passes into the uterine 
horns. Roark and Herman (52) found that spermatozoan motility was main­
tained longer upon incubation than when not incubated. However, Olds and 
VanDemark (43) stated that spermatozoan motility was better in saline 
than in any of the natural fluids.
Leonard (35) observed in rats that removal of uterine contents one 
hour after copulation resulted in a significant decrease in the number 
of embryos subsequently formed. When Locke's fluid was substituted for
the uterine fluid, there was a significant increase in the number of 
embryos in the uteri of the bred rats. He concluded that, although the 
presence of uterine fluid in rats in heat did not appear to be essential 
for normal percentage of fertilization of ova following normal copulation, 
the fluid might favor an increased rate of fertilization even though few 
spermatozoa were present in the uterus. Grant (19) found in rabbits 
that the hormonal status of the female had a significant effect on the 
development of ova within the uteri. Maximum development of ova was 
observed in the pseudo-pregnant uterus when the estrous cycles of the . 
donors and the recipient were synchronized. Development was less in the 
ovariectomized animals receiving hormones and was least in the ovariecto- 
mized controls.
Raps (50) stated that the amount of mucus present in the genital 
tract of cows at the time of insemination had no significant effect on 
conception rate when the cervical splatter technique was used. Walton, 
as cited by Anderson (2), laid down three principal determining factors 
as the quantitative basis of fertility, namely: 1. Number of spermatozoa.
2. The viability of spermatozoa in the female genital tract. 3. The time 
interval between copulation and ovulation. According to Lopyrin and 
Loginova (36), the conditions for motility and survival of spermatozoa 
become less favorable as the interval between estrus and mating is in­
creased. If mating is early, the fertilizing ability of spermatozoa is 
retained as long as 33 to 36 hours. Hammond and Asdell (21) observed that 
the spermatozoa remained fertile in the female reproductive tract up to 
30 hours. Vandeplassche (65) indicated that the spermatozoa of fertile 
bulls diluted with sodium-citrate-egg-yolk diluent and deposited deeply 
in the cervix and the corpus uteri might keep their fertilizing capacity
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undamaged in the female reproductive tract at least up to 50 hours, even 
when they had been stored in the refrigerator for three days prior to 
insemination. The penetrability of the mucus by spermatozoa was highest 
during the first 6 to 10 hours of heat (27). Cary (10) reported that 
women in the beginning of the follicular phase produced the optimum 
type of cervical secretion for sperm migration; in some women the con­
dition of the cervix was most favorable to sustained motility of the 
spermatozoa for only a limited time during the monthly cycle. It 
appears that the properties of cervical mucus may be of considerable 
interest in determining the most satisfactory practices to be followed 
for maximum conception rate where an artificial insemination technique 
is used.
Spermatozoa require a certain length of time either in the uterus 
or in the fallopian tube to develop their fertilizing capacity (12).
During this time capacitation of the spermatozoa takes place,, and 
ovulation occurs. Both of these processes are essential for successful 
fertilization.
Weisman (67) has stated that human spermatozoa survive best in 
their own seminal fluid or in the synthetic diluents especially necessary 
for their vitality. Certain changes in the chemical environment may 
shorten their length of life (37). Spermatozoan survival is longest in 
an alkaline medium with an optimum pH of about 7.5. Rumjancev and 
Flegmatov (55) used bull and <dog spermatozoa to study their survival 
in follicular and uterine secretions of the cow and mare both in vivo 
and in vitro. The uterine secretion of the mare was toxic to bull sperma­
tozoa and caused their agglutination. Follicular fluid from pregnant or 
non-estrous cows caused agglutionation and death of bull spermatozoa.
These workers injected bull semen into the uterine horn at a temperature
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of 10 to 15° C. and found traces of spermatozoan motility for almost 
four days.
D. General Summary of the Review of Literature
The luminal fluids constitute the extra-cellular environment for 
spermatozoa, ova and embryos in the female reproductive tract. The 
physico-chemical properties of these fluids from intact cows and their 
biological significance in relation to spermatozoan metabolism, 
fertilization and embryonic development are not precisely known.
The microscopic anatomy of the cervix reveals that bovine cervical 
mucosa exhibits characteristic cytological changes during various stages 
of the estrous cycle. The increased or decreased vascularity of the 
cervix during these stages has a definite relationship with the quality 
and quantity of the mucus secreted. Compositional changes in both 
organic and inorganic constituents of the mucus have been noticed during 
these stages. The characteristics of the cervical mucus seem to be 
under the control of the ovarian hormones.
The uterus also exhibits histological and morphological changes in 
its endometrium and glands during the estrous cycle under the influence 
of the ovarian hormones. These changes are marked by a decrease or in­
crease in vascularity, gland growth, and height and folding of the 
epithelium. The exact interrelationships of ovarian hormones, uterine 
secretions, and ovum development in vivo are not clear.
Limited studies on uterine secretions have indicated a rise in pH 
with bacterial infection, an increase of sodium, potassium, nitrogen 
and carbohydrate content during the luteal phase and under the influence 
of progesterone, and a slight increase in calcium content near estrus.
The average longevity of motility of spermatozoa is reported to be
21
about nine hours in uterine and cervical secretions under relatively 
anaerobic conditions at 37° C. The spermatozoa lived longer in these 
secretions from cows in or near estrus than in the same fluids at 
other stages of the cycle.
The amount of mucus present in the reproductive tracp had no 
significant effect on the conception rate in cows.
Studies with human semen have indicated that spermatozoa survived 
best in their own seminal fluid or in synthetic diluents especially 
necessary for their vitality. Certain changes in the chemical environ­
ment shortened their length of survival.
Spermatozoa require a certain length of time in the female re­
productive tract to develop their fertilizing capacity. Thus, this 
time spent in the luminal environment provides for the capacitation of 
spermatozoa and their survival until ovulation has occurred.
A large percentage of cows are infertile with no evidence of 
disease or gross genital abnormalities. Deficiencies in the luminal 
environment of the reproductive tract have often been cited as one of 
the causes of the losses of ova or embryos. Certain experimental 
modifications of this environment, in many cases, have led to full 
expression of reproductive potentialities of the animal.
Little information is available on physico-chemical properties 
of the luminal fluids from intact cows. A systematic study of the 
nature of luminal environment and its relationship with the repro­
ductive performance may reveal some of the unexplained causes of 
infertility in clinically normal cows.
III. EXPERIMENTAL MATERIALS AND METHODS
A. Scope and Duration of Experiment
The animals used for this study consisted of Holstein, Jersey and 
Brown Swiss cows and heifers from the Louisiana State University dairy 
herd. The samples of the cervical and uterine secretions were obtained 
from the animals showing normal estrous cycles, except in a few cases 
where samples were also collected from cows showing short and irregular 
estrous cycles. No samples were collected from heifers less than 17 
months of age or from cows within 60 days pospartum. No attempt was 
made to select the animals on the basis of their strata of fertility.
Sixty-one samples, including 40 cervical and 21 uterine secretions, 
were collected and studied during the period from November 10, 1960 to 
July 15, 1961. These samples were obtained from 24 Holstein, 9 Jersey 
and 5 Brown Swiss cows and heifers.
B. Feeding of Experiment Animals
The experimental animals were maintained on a good plane of 
nutrition throughout the period of study. Grain was fed to these animals 
according to their production. Good quality, alfalfa hay as well as corn 
and soybean silage were fed throughout the experimental period. The 
animals were allowed only a limited amount of grazing of the permanent 
and supplemental pastures. Green chopped forages were also fed to them 
whenever soiling crops were available on hand. In general, the standard 
of feeding provided to the experimental animals was distinctly higher than 
that followed by most good commercial dairymen in Louisiana.
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C« Time of Collection of Secretion 
The bovine estrus is of relatively shorter duration under the hot 
humid climatic conditions of Louisiana than in the cooler regions of the 
world (20). To verify this finding the Louisiana State University 
dairy herd was observed for thte cyclic heat four times daily i.e., 
at 3 AM, 9 AM, 3 PM, and 9 EM with the aid of a heat expectancy 
chart in April and August I960. The mean duration of estrus was found 
to be 12.3 hours, with a range from 6 to 24 hours, for 79 cows and 
heifers during this period. These data are in close agreement with the 
previous findings (20), Therefore, the time of collection from an 
animal in estrus was arbitrarily fixed as 6 to 8 hours after the onset 
of estrus.
D. Breeding of the Experimental Animals 
The results reported by Hall et al. (20) indicated that maximum 
conception rate occurred in cows bred between 7 and 12 hours after the 
onset of estrus. The analysis of the breeding data on the Louisiana 
State University dairy herd for the year 1959-60 indicated the maximum 
conception rate centered around six hours from the onset of estrus.
On these bases, the time of breeding of the experimental animals was 
arbitrarily chosen between 6 and 8 hours from the onset of estrus, 
following withdrawal of the samples of secretions from the reproductive 
tract.
The artificial breeding of the experimental cows was done by 
three technicians according to the routine for the entire dairy herd.
The animals not returning to estrus until 45 to 60 days after breeding 
were checked for pregnancy by the veterinarian. Similarly y the animals 
with breeding problems such as anestrus and repeat-breeding were examined
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and treated by the veterinarian as per his discretion. These treatments 
usually included the administration of stilbestrol or ECP enucleation 
of corpus.luteum, and intra-uterine infusion with antibiotics,
E. Designing the Device and Technique of Collection 
of the Cervical and Uterine Secretions
One of the important phases of the investigation was to evolve a 
suitable device and technique to obtain cervical and uterine secretions 
in requisite quantities from intact cows during estrus. Various appro­
priate methods in vogue were tried to achieve this. One of the methods 
was the use of a glass tube or pipette fitted with a rubber bulb.
Other methods included the use of a syringe and various types of catheters. 
One specific catheter (Chambers intrauterine injection catheter) was 
tried after connecting it in series with a collection flask and a 
vacuum pump by means of tygon plastic tubings. A modified form of this 
catheter was also tried by locally designing an 8-gauge stainless steel 
tubing of 18 inches length. In this form, the ball knob was removed, 
the bore of the catheter was made larger in size and three openings were 
perforated on the adjacent sides of the anterior end to increase its 
contacting surface with that of the endometrium. The end of this 
modified catheter was tapered, smoothed and rounded. Although the use 
of these methods was successful in obtaining some samples of cervical 
fluid, the same methods were not successful in obtaining samples of 
uterine secretion. Apparently, all these devices lacked in the power 
of effective delivery of the fluid from the site of suction to the 
collection flask. Nevertheless, by constant trial and error with various 
possible devices, success was achieved at length to evolve a technique 
by which it was possible to procure both the cervical and uterine fluids
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in reasonable quantities from cows during estrus* This technique made 
use of the following:
1, Smith Uterine Catheter: - (See Figures 1 and 2)e 
This is a return flow catheter with a smooth, rounded 
and tapered anterior end and with an arrangement of a 
spout at the posterior end. It has 5 openings on the 
sides of the anterior part, which are 3/4 inch apart 
from each other. The outside diameter and length of 
the catheter are 1/4 inch and 15 inches, respectively.
2, Erlenmeyer Flask: - The size of the flask used was 
250 ml. It was fitted with a double holed rubber 
stopper and glass tubes (entrap device). (See Figures 
3 and 4).
3. Vacuum Pump: - The model used was Cenco-Presso-Vac 4,
.*
mounted with a motor of model S60Yz-I838. The rpm of 
the pump are less than 600, and the maximum operating 
pressure is 10 pounds per square inch. (See Figures 3 
and 4).
4. Tygon tubing: - This is a transparent plastic tubing 
with outside diameter 3/16 inch and its wall 1/16 inch 
thick. This size is suitable for making connections, and 
it does not collapse while the vacuum pump is in operation.
Figure 3 gives a photograph of the complete apparatus employed for 
the purpose. The detailed procedure and technique of collection are 
described below.
Figure 1. Lateral view of the anterior part,
of the catheter.
Figure 2. Lateral view of the posterior part, 
of the catheter.
Figure 3. Complete apparatus for collection of the luminal fluids.
Figure 4. Operator collecting the luminal fluids from a Jersey cow.
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The cow in estrus is restrained in a stanchion or tied to a fence 
corner as shown in Figure 4. The external genitals and surrounding areas 
of the animal are cleaned with a disinfectant soap and water, and wiped 
dry. The Smith uterine catheter, having been sterilized with 70% 
alcohol or else autoclaved, is introduced into the lumen of the cervix 
by the recto-vaginal method, till its rounded tip and the adjacent 
side-holes are palpated per rectum within the cervical region. The 
opening of the spout of the catheter at the rear end is closed with the 
thumb and the vacuum pump is switched on to create negative pressure 
in the collection (entrap) flask which is utilized to draw secretion 
from the cervix through the holes of the catheter contacting the 
cervical mucosa. At the first instance, the mucous secretion may appear 
to be slowly streaming down the transparent tygon-tubing leading to the 
evacuated flask. On releasing the pressure through the spout, the 
mucus briskly enters the flask. A few more sites within the cervical 
folds may be tried with due manipulation of the cervix per rectum in 
order to procure the requisite quantity of mucus. While adopting the 
catheter to the new sites, the vacuum pump is turned off. Due care is 
taken not to traumatize any part of the cervix. If the secretion does 
not come forth in two or three gentle attempts, any further attempt 
should be abandoned.
To procure the sample of the uterine secretion, the catheter is 
extended further into the corpus uteri. and later to cornua uteri, 
to explore and procure the requisite amount of secretion wherever avail­
able, following the same method and precaution as cited before. While 
drawing the secretion, the uterine body and the horns in turn are lifted 
and massaged gently in an attempt to drain as much secretion as possible.
In each routine of collection, to minimize the chances of con­
tamination of the uterine secretion with that of the cervix, the 
cervical secretion is collected first. Before finally withdrawing 
the catheter from the reproductive tract, the vacuum pump is turned 
off and the pressure inside the catheter is released through the spout. 
These steps were deemed essential to avoid any injury to the organ of 
the cow as well as contamination of the secretion with unwanted material.
F. Methods of Analysis of the Cervical and 
Uterine Secretions
Immediately after the collection, the samples were brought to the 
laboratory and analysed for color, pH and density individually. They 
were subsequently transferred to vials labelled with cow/heifer number, 
kind of secretion, date of collection, pH, etc., and were frozen till 
required for further analyses at a later date.
Analyses for the following were made on the cervical and uterine 
secretions:
1. Color
2. pH
3. Density
4. Dry Matter
5. Ash Content of Dry Matter
6. Reducing Sugars
7. Composition of Reducing Sugars
8. Sodium
9. Potassium
10. Calcium
11. Magnesium
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12o Protein Nitrogen
13. Inorganic Phosphorus
14. Semen Preservation Rate
The procedures adopted for physical, chemical and biological 
analyses of each sample are briefly given below:
1. Color - A record of color of each secretion was 
made in descriptive terms such as white-viscous, 
white-cloudy, reddish-brown, gray, brown, thin-watery 
and so on.
2. £H - pH was measured by Beckman Model G pH meter, 
immediately after collection of the sample. In 
several cases, it was again measured prior to starting 
further chemical analyses in order to see whether or 
not any change occurred during the storage period.
While calibrating the instrument, the pH of the 
standard buffer was adjusted at 25° C*
3. Density - Density was estimated by measuring the 
volume of the fluid at 25° C#, and taking the weight 
of the sample using an analytical balance.
4. Dry Matter - Beakers of 12 ml. size were brought
to constant weight after heating in a muffle furnace.
Two ml. of secretion were measured into each of these, 
and they were placed in an oven at 105° C. for five 
hours.
During this time they attained constant weight.
The dry matter was calculated in terms of percentage 
of the fluid.
Ash - Ashing of the dried sample as above was done 
in a muffle furnace at 600° C. for two hours (46).
The ash content was calculated in terms of percentage 
of dry matter.
Reducing Sugars - Determination of the reducing 
sugars was made by the Nelson-Somogyi method as 
described by Harrow et^  al. (22). This method 
employs the use of barium hydroxide-zinc sulfate 
procedure to deproteinize the luminal fluid. The 
filtrate obtained is heated with a alkaline copper 
reagent. The cuprous oxide formed is treated with 
a special arsenomolybdate reagent which is reduced 
to a colored compound, whose intensity is proportional 
to the cuprous ion and thus to the amount of reducing 
sugars present in the fluid. The colorimetric 
determination is made by means of a photo-electric 
colorimeter using a filter which absorbs at 500 or 520 
mu.
The luminal fluid in this determination was initially 
diluted with a 1% solution of lithium carbonate (an 
isotonic solution) (25). The quantity of the original 
sample used for this determination was 0.1 to 0.2 ml.
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7. Components of Reducing Sugars - The components of 
reducing sugars were studied qualitatively by means 
of a one-way paper chromatogram. The protein-free 
filtrate was obtained, using 1 ml. of fluid sample, 
according to the procedure described for protein 
nitrogen determination by King (31). The solvent 
used-in the descending chromatography was a 4:1:1 
bntanol-acetic acid-water mixture. Reference markers 
of xylose, arabinose, ribose, rhamnose, glucose, 
galactose, fructose and sucrose, singly as well as in 
mixture, were run in parallel with the solution to be 
examined. The developing solution used was 4% aniline 
in acetone, 4% diphenylamine in acetone and 85% 
phosphoric acid mixed in the ratio of 5:5:1. The 
chromatogram was dried in an oven at 110° F. for 45 
minutes and the colored spots, if any, were examined 
under the ultra-violet light.
8. Sodium and Potassium - Sodium and potassium were 
determined by flame photometry, using the Beckman 
Model DU Quartz Spectrophotometer. The wavelengths 
used were 589.3 mu and 767 mu, respectively (3). The 
dilution of the secretion at the rate.of 1:200 and 
1:100, respectively, was found to be most appropriate 
for obtaining the standard curve. The quantity of the 
original fluid used in these determinations was 0.1 and 
0.2 ml., respectively.
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9. Calcium - Calcium was determined according to the 
standard procedure for blood calcium, i.e., by 
precipitating it from the secretion as oxalate and 
later titrating it with potassium permanganate.
The method has been described by King (31), The 
Quantity of the diluted sample of the fluid (1:5 
dilution) used in this determination was 1-2 ml,
10, Magnesium - Magnesium was estimated by first re­
moving the calcium as oxalate from the secretion, 
then precipitating magnesium as magnesium ammonium 
phosphate and determining its value by colorimetric 
phosphate determination (24),
11, Inorganic Phosphorus - The inorganic phosphate con­
tent of the secretion was estimated by the methods of 
Fiske and Subbarow as described by Hawk and Summerson 
(24). Only the original fluid from 0o2 to 0.5 ml.
in quantity was used in each determination, as the 
diluted samples failed to give a clear protein-free 
filtrate in most cases.
12. Protein Nitrogen - The protein nitrogen was 
determined by the procedure described by King (31).
The original fluid was deproteinized, using 7.5% 
sodium molybdate and 2/3 N-sulfuric acid. The tube 
was centrifuged for 5 minutes and the supernatent 
fluid was completely decanted off. The protein preci­
pitate was then carefully and completely transferred
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into a micro-kjeldahl digestion flask and was digested 
over a small flame with 50% sulfuric acid containing 1% 
selenuim dioxide. The protein compound was decomposed 
and converted to ammonium sulfate. The ammonia was 
liberated and steam-distilled into a saturated 
solution of boric acid containing a mixed indicator, 
by the micro-kjeldahl procedure. The resulting 
distillate was titrated with N/70 sulfuric acid and the 
protein nitrogen was calculated from the amount of the 
standard acid used.
The amount of the original fluid used in this deter­
mination was 0.1 ml. to 0o2 ml.
13. Semen Preservation Studies - Semen was collected from 
a highly fertile bull and was evaluated by subjecting 
it to various tests including motility, sperm density, 
methylene blue reduction and percentage of abnormal 
sperm. Semen was extended with egg yolk citrate (EYC) 
in the ratio of 1:3, split into requisite number of 
parts and each part added to the sample of each 
secretion under study in the ratio of 1:1. The mixture 
was incubated in a water bath at 38° C. under relatively 
anaerobic condition. The relatively anaerobic conditions 
were achieved by placing a layer of mineral oil on top 
of the sample in each tube and stoppering. Control 
samples containing semen and egg yolk citrate mixed in 
the ratio of 1:4 were also incubated accordingly. The 
motility longevity of sperm in each tube was recorded
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at 0 hour, 2 hours, 4 hours, 6 hours, 8 hours and 
so on till only a trace of life could be noticed in 
the sample incubated. The quantity of the original 
used in each sample was 1 ml.
G. History of the Experimental Animals 
The information on each experimental animal was maintained on the 
form shown in Appendix Table 1. This information was used to study 
various interrelationships between the physico-chemical properties of 
the secretion and the reproductive performance of the animal in question.
IV. RESULTS AND DISCUSSION
A, The Physical Characteristics of the Luminal Fluids 
of the Cervix and the Uterus
1.. The amount and the physical appearance of the fluids obtained.
The average quantity of the luminal fluids obtained from the cervix 
and uterus of cows and heifers during estrus was about 2 to 3 ml. Some 
cows and heifers did not yield any fluid. From several others, only an 
insignificant amount of brownish or blood-tinged mucus could be obtained,, 
In these animals, estrus was of relatively short duration (i.e., 6 to 
8 hours)o Thus, the luminal fluids were being collected from them in 
early post-estrus rather than during estrus. In a few cows, the 
cervical and the uterine lumena seemed to be full of fluid, and a 
copious flow of the secretion was obtained amounting to as much as 20 to 
40 ml. A total of 61 samples, including 41 from the cervix and 20 from 
the uterus was obtained from 38 cows and heifers during the experimental 
period*
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In general, the cervical fluid appeared to be white, viscid, glary 
or slightly cloudy. In some samples, a brownish or reddish brown color 
was also observed. This apparently was primarily due to the presence of 
traces of blood in these fluids. This might have resulted from the 
extravasation of blood in os-uteri or _due to the presence of decomposed 
red blood cells not uncommon in the mucus of cows in late estrus 
(52, 71)o Also, it might have been caused by effective suction of the 
fluid by the catheter from the lining of the edematous and highly
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vascularized endometrial mucosa which in several cases appeared to be 
either just moist or secreting very little fluid. However, the 
analysis of the two groups, (blood-tinged and blood-free groups) 
showed no significant differences in any of the constituents under 
study.
The color of the uterine fluids appeared to be white, grayish, 
yellowish, brownish or reddish brown. The brownish color again might 
have been due to the same causes as cited above. In general, the 
uterine fluids appeared to have a.thinner consistency than the cervical 
fluidso Both kinds of luminal fluids contained cellular debris in 
varying amounts. .
Based on the results of collecting the luminal fluids in these 
studies the following modifications of the Smith uterine catheter are 
recommended:
a. The anterior tip of the catheter should be straight 
instead of bent.
b. Only four openings on the sides of the anterior part 
of the catheter appear to be adequate. The distance 
between each of these openings should be reduced to 1/2 
inch.
c. The catheter should be extended in length by about 
four inches.
2. Density of the luminal fluids
The density of the cervical and uterine fluids ranged from 0.906 
to 1.006, with average values being 0.952 and 0.975, respectively.
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However, the density values varied considerably between cervical and 
uterine ‘fluids within the same cow, between cervical or uterine fluids 
within a cow from one time to another, and among animals.
3. The dry matter and ash content in the luminal fluids.
The dry matter content of the cervical fluids averaged 1.83% with
a range from 1.49 to 2.20%. The ash content of these fluids on a dry
matter basis varied from 27.70 to 56.967., with an average value of 
45.88%. The dry matter and ash content of the uterine fluid was 7.32 
and 27.707., respectively. These data are in good agreement with those 
found in previous reports (7, 29, 45).
B. Biochemical Studies of the Luminal Fluids
1. The hydro gen-ion concentration of the cervical and uterine fluids.
As will be noted in Table 3, the cervical and the uterine fluids
were found to be consistently alkaline in vitro. There was only one 
cervical sample which was faintly acidic (pH-6.95) in nature.
The pH values of the luminal fluids from various groups of cows 
and heifers classified on the basis of their hormonal treatment and 
the nature of their reproductive performances are shown in Table 3.
It is apparent from the data shown in Table 3 that the uterine fluid 
was more alkaline than the cervical fluid in practically all of the 
groups. These results are contrary to those reported by some of the 
previous workers (34, 38). However, they are in good agreement with 
those reported by Sergin et al. (59).
The pH values of both kinds of fluids, in general, appeared to be 
slightly higher (more alkaline) than those given by some of the earlier 
workers (46, 52, 59). These divergent results in the pH values re-
TABLE 3
The average and range in pH values for the cervical and uterine fluids
from various groups of cows
Group Cervix Uterus
aZ.
No. of 
samples
pH No. of 
sample:
pH
5
Repeat breeders treated with stilbestrol
a/
Repeat breeders treated with stilbestrol and after
9 8.06
(7.25-9.25)
7 8.67
(8.15-9.40)
three weeks with chorionic gonadotrophin
a/
1 7.70 1 8.00
Repeat breeders not treated with hormones
b/
Undecided group treated with stilbestrol and after
10 7.90
(7.20-8.80)
2 8.58
(8.55-8.60)
three weeks with chorionic gonadotrophin
b/
1 8.00 1 8.00
Undecided group not treated with hormones
c/
4 7.97
(7.50-8.80)
3 8.33
(8.10-8.65)
Cows showing relatively normal reproductive performance 6 7.91
(7.25-8.60)
1 8.25
w
nO
a/
The term 'repeat breeder1 was given to those cows or heifers which had more than three services 
and were not diagnosed pregnant,
b/
Undecided group consisted of those cows and/or heifers which had one to three services and were 
not diagnosed pregnant,
sJ
Cows which became pregnant either in one to three services or by the insemination done subsequently 
after obtaining the sample.
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ported herein and by previous workers may have been due to several 
factors that were involved in the technique of collecting the fluids, 
varied reproductive background of the experimental animals, and to the 
collection of the fluids at different stages of the estrus cycle. In 
addition, they may have been due to the fact that in the present in­
vestigation the samples were obtained from intact animals rather than 
from slaughter-house material. Nevertheless, the pH values reported 
herein are in good agreement with those reported by Lardy et al. (34) 
for the cervical fluids from intact cows.
Other indications available from Table 3 appear to suggest that 
the hormonal treatments had some influence on the pH of the luminal 
fluids. Administration of estrogen appeared to have shifted the pH 
of the fluids toward alkalinity. On the other hand, the tendency of 
the chorionic gonadotrophin seemed to have abated this effect and to 
have changed the pH in the reverse direction (towards acidity). It is 
believed that the hormonal effect of chorionic gonadotrophin is pri­
marily that of luteinizing hormone in nature (17). Physiologically, 
the luteinizing hormone tends to reduce the secretion of estrogen and 
augments the secretion of progesterone. The reverse effect of chorionic 
gonadotrophin on the pH of the luminal fluids may possibly be explained 
on the above basis.
The pH values by cows for the cervical and the uterine fluids are 
given in Table 4. To test whether there was any significant statistical 
difference in the hydrogen-ion concentration between the two fluids 
obtained from the same cow, the pH values of both were paired and the 
significance of the difference was determined by the "t" test (60).
The difference was found to approach significance (P =<0.05). However,
42
it should be noted in Table 4 that the pH values for the uterine 
fluids were higher than those for the cervical fluids in every case 
with the exception of two pairs of secretion from cow no. 327 and one 
pair from cow no. F-93. One pair of cervical and uterine secretions 
was obtained from cow. no. 327 at an induced postpartum heat, and the 
other pair after the administration of chorionic gonadotrophin. Cow 
no. F-93 had been a repeat breeder, but she became pregnant following 
the same estrus period in which the secretions were obtained.
From some repeat breeding cows more than one cervical or uterine 
sample was obtained in different estrous cycles. The pH values of 
these samples are shown in Table 5. It is apparent that the pH values 
varied in successive cycles. This variation was found to be signifi­
cant only at the probability level of 7%. The variation in the level 
of other constituents in these samples has been discussed elsewhere.
The pH values of the luminal fluids just after collection and 
after a certain period of preservation in storage at 20° F. prior to 
further chemical analyses showed differences within a sample. There 
was an increase in the pH value of the samples which ranged from 0.1 to
0.8 pH units. This increase may have been due to a loss of carbon 
dioxide from the samples and/or bacterial action therein.
2. Concentration of sodium, potassium, calcium, magnesium, inorganic 
phosphorus, reducing sugars and protein in the luminal fluids
The average values for the concentrations of sodium, potassium, 
calcium, magnesium, inorganic phosphorus, reducing sugars and protein 
in both cervical and uterine fluids are presented in Table 6. To 
test for the statistical significance of the differences in the 
concentration of these constituents between ,the two fluids, paired
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TABLE 4
The pH of the cervical and the uterine fluids for 
individual cows
Cow/heifer number Cervix Uterus
570 7.50 8.10
413 8.20 8.40
349 8.20 8.85
445 7.50 8.25
327 8.50 8.80
327 7.95 6.95
450 7.55 8.55
370 8.85 9.25
486 8.25 8.65
293 7.25 8.15
382 7.70 8.00
327 8.00 8.00
F-93 8.25 8.25
S-26 8.90 9.25
1/Average 7.81 7.91
1/
The average value was obtained by converting the pH 
values into hydrogen ion concentration (moles/liter) , 
taking their arithmetical average, and then calcu­
lating the negative log of the value so obtained.
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TABLE 5
Variation in the pH values of the luminal fluids obtained from the 
same cow in different cycles
Cow number Kind of secretion
pH values of samples 
during successive cycles
1 2
327 Uterine fluid 6.95 8.00
F-93 Uterine fluid 8.25 8.80
370 Cervical fluid 8.40 9.25
370 Cervical fluid 8.85 8.40
486 Cervical fluid 8.25 8.50
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TABLE 6
The concentration of various constituents in the cervical and the
uterine fluids
Item
Number 
of paired 
samples
Average concentration 
(mg in the fluids 
from±7
Level of probability 
or significance
Cervix Uterus
Sodium 13 315.8 371.2 P =<.01
Potassium 12 75.6 '77.5 N.S.-/
Calcium 14 10.9 17.3 P =<.01
Magnesium 16 2.72 2.41 N.S.
Inorganic P 13 3.12 6.64 P =<.01
Reducing sugars 14 44.3 41.8 N.S.
Protein nitrogen 13 97 497 P =<.01
1/
Mg, per 100 ml, fluid 
1/
N.S. = Not significant at P =<0,05
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analysis was done. As is evident from Table 6, the uterine fluids 
were found to contain significantly higher concentrations of sodium, 
calcium, inorganic phosphorus and protein nitrogen than the cervical 
fluids. The difference in the levels of potassium, magnesium and 
reducing sugars between the two kinds of fluids were not found to be 
statistically significant.
There are no data reported in the literature reviewed by the 
author of this dissertation dealing with the levels of these chemical 
constituents in undiluted cervical and uterine fluids of the intact 
cow. Therefore, a comparison of the result reported herein with 
those of previous workers is not feasible. As pointed out previously, 
Heap and Lamming (26) made their chemical analyses on fluids from 
cows that were obtained by flushing the uteri of intact cows with an 
isotonic solution of lithium carbonate. The amount of dilution which 
took place in this process was not known. Other workers (43, 46) 
made their chemical analyses on fluids obtained from slaughter-house 
material^
Tables 7 and 8 give the mean values, the standard deviations, 
and the ranges of concentration of various constituents in the cervical 
and the uterine fluids obtained from different cows grouped according 
to the nature of their reproductive performance. The ranges and the 
standard deviations for each constituent in these tables would 
indicate that considerable variation existed in the composition of 
these fluids from the cows within the same group. Furthermore, as 
shown in Table -9, successive samples of the cervical fluids within the 
repeat breeding cows showed distinct compositional variation. For 
example, the differences in concentration of magnesium were significant
TABLE 7
Chemical composition of the cervical fluids in various groups of
cows (mg. %)
No. of Average
samples concentration Standard deviation Range in values
Repeat breeders treated with stilbestrol
Reducing sugars 10 44.1 27.2 24.9-111.6
Inorganic P 8 4.87 2.92 0.90-8.00
Ca 10 14.87 7.76 7.50-29.90
Na 10 366.10 70,70 225.40-460.00
K 10 61.05 24.30 29.90-108.30
Mg 9 2.84 2.05 0.76-6.71
Protein N 8 137.0 68.3 80.0-288.0
Repeat breeders not treated with hormones
Reducing sugars 11 33.1 17.2 11.5-67.6
Inorganic P 9 4.68 2.33 1.20-9.10,
Ca 10 14.00 5.80 5.40-24.80
Na 11 380.55 53.31 303.60-460.00
K 11 58.20 20.73 55.30-104.80
Mg 11 2.02 1.31 0.25-5.20
Protein N 9 144.1 66.1 30.0-224.0
Undecided group without hormonal treatment
Reducing sugars 4 18.9 12.7 5.8-34.0
Inorganic P 4 1.97 0.98 1.20-3.40
Ca 4 7.80 3.27 3.60-11.30
Na 4 357.20 136.00 156.40-448.00
K 4 34.40 12.50 19.90-48.90
Mg 4 2.28 0.65 1.56-3.08
Protein N 3 81.0 50.6 29.0-130.0
Undecided group treated with stilbestrol
Reducing sugars 5 34.3 17.3 11.5-56.7
Inorganic P 4 1.00 0.29 0.70-1.28
Ca 4 11.75 4.50 5.60-15.20
Na 5 324,00 23.70 322.00-355.40
K 5 83.80 43.10 43.80-147.80
Mg 3 1.97 0.26 1.70-2.21
Protein N 4 51.8 ' 16.5 36.0-71.0
Cows with relatively normal reproductive performance
Reducing sugars 6 48.9 21.4 25.0-86.6
Inorganic P 6 4.42 1.73 2.6-6.6
Ca 6 11.40 4.65 6.90-20.00
Na 6 306.5 63.30 230.00-414.00
K 6 55.55 10.30 23.00-150.90
Mg 6 1.57 0.43 1.20-2.33
Protein N 5 280.4 238.0 80.0-676.0
TABLE 8
Chemical composition of the uterine fluids in various groups of
cows (mg. %)
No. of Average
samples concentration Standard deviation Range in values
Repeat breeders treated with stilbestrol
Reducing sugars 7 56.1 38.2 16,0-113.6
Inorganic P 6 8.06 5.24 3.40-18.00
Ca 6 22.93 10.50 • 8.00-40.00
Na 7 403.50 98.50 294.40-517.50
K 6 3.31 1.57 0.76-3.91
Mg 7 71.50 35.90 33.60-126.30
Protein N 6 487.00 283.00 280.00-1050.00
Repeat breeders not treated with hormones
Reducing sugars 3 57.0 18.6 39.3-76.5
Inorganic P 3 9.63 2.24 8.10-12.20
Ca 3 18.57 2.84 15.30-20.40
Na 3 434.90 96.70 335.8-529.00
K 3 63.07 29.87 32.00-91.50
Mg 3 2.83 0.72 2.11-3.56
Protein N 3 867.7 592.0 187.0-1260.0
Undecided group -without hormonal treatment
Reducing sugars 3 25.0 22.9
Inorganic P 3 5.21 3.24
Ca 3 10.60 2.55
Na 3 313.40 104.20
K 3 43.1 24.7
Mg 2 2.20 0.20
Protein N 2 391.0 58.0
Undecided group treated with stilbestrol
Reducing sugars 5 39.7 13.8
Inorganic P 5 4.22 2.16
Ca 6 16.35 8.87
Na 6 254.20 119.00
K 6 87.40 34.60
Mg 4 2.30 0.42
Protein N 6 264.4 162.0
Cows with relatively normal reproductive performance
Reducing sugars 
Inorganic P 
Ca 
Na 
K 
Mg
Protein N
26.3
2.48
6.30
404.80
18.30
2.18
160.0
0.0-45.0
3.54-7.58
8.40-13.40
197.80-400.20
28.0-71.7
2.00-2.39 
350.0-432.0
25.0-60.0
0.70-6.05
8.00-28.00
169.00-450.80
37.90-117.60
1.70-2.70
80.0-504.0
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at the 1% level of probability, and pH at the 5% level. The sodium 
and protein nitrogen differences approached significance at the level 
of 5% of probability. The differences in various constituents were 
also apparent between the uterine fluids within cow, but the number 
of samples was too small to be treated statistically.
The wide compositional variation among the fluids as observed in 
the present study may have been due to several causes. The secretions 
from the endometrium of the cervix and uterus are under endocrinal 
control. These may, thus, show considerable physiological fluctuations 
in both quality and quantity on the basis of the hormonal status of the 
animal, duration of estrus, and other inter-related environmental 
factors. Each individual animal has its specific hormonal balance 
based on its genotype, environment and a possible interaction between 
these two. While the environment may be controlled artificially, the 
genotypic variations among cows would continue to exist. Varying 
degrees of hormonal intensity in an animal manifest themselves in the 
form of long estrus, short estrus, silent estrus, anestrus and so on.
The hormonal intensity may affect the quality and quantity of the 
secretions under study.
Changes in both appearance and quantity have been observed in the 
cervical and uterine fluids at different stages of the estrus by past 
workers (52, 71). The range of duration of estrous in the experimental 
herd was 6 to 24 hours. Although the samples were obtained from each 
cow during a definite period after the onset of estrus, there was nothing 
on hand to predict how long a particular experimental cow was going to 
remain in heat. Thus, the same period might have been an early estrus 
in one cow, and a late estrus or even post estrus period in another.
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As per routine of the herd management, breeding irregularities in the 
experimental cows were diagnosed and treated by the veterinarian as 
per his discretion. The short and long term effects of endocrinal 
treatments imparted to these animals may have also affected the 
endocrinal balance and thus the composition of the secretions obtained 
from these animals. The present investigation was carried out from 
November 10, 1960 to July 15, 1961, in the herd consisting of animals 
of various age groups. Hence, seasonal and age effects which pre­
sumably play an important role in influencing the endocrinal balance 
in animals, may have been important sources of variation. In a 
biological experiment of this nature, chance is involved in observing 
a cow at the onset of estrus. This may add an additional source of 
variation. If some of or all of the factors discussed above brought 
about changes in the composition of the fluids among and within 
animals, wide variations in composition should have resulted. When 
this fact is considered along with the small number of samples 
obtained in these studies, perhaps no statistically significant differ­
ences should have been expected. This may be fully appreciated by 
observing the exceedingly large standard deviations and ranges in the 
values for the various chemical constituents as shown in Tables 7 and 
8 for the different groups of animals as mentioned previously.
C. Classification of Luminal Fluids on the Basis
of High and Low Concentration of Various Chemical 
Constituents and Their Relationship with Fertility
Due to the large amount of variation for each of the chemical 
constituents as given in Tables 7, 8 and 9 and discussed in the pre­
vious section, classifying cows into various categories on the basis
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TABLE 9
Compositional changes in the successive cervical and uterine fluids 
from the same cow obtained in different estrous cycles
Cervical fluid
Item
No. of 
paired 
samples
Mean values 
1 2
Level of 
significance
Sugar (mg. 7.) 5 22.34 55.26 N.S.“ ^
Inorganic P (mg. 7.) 5 4.00 5.73 N.S.
Calcium (mg. %) 5 10.28 17.38 N.S.
Sodium (mg. 7.) 4 397.00 434.00 Approaching 
P =<.05
Potassium (mg. %) 4 54.92 76.55
Magnesium (mg, %) 4 3.17 5.25 ►u II A • o
Protein N (mg. 7.) 5 86.60 132.20 Approaching 
P =<.05
pH 3 8.34 8.77 P =<.05
Uterine fluid
Sugar (mg. 7.) 1 26.30 48.60
Inorganic P (mg. %) 2 5.40 3.94
Calcium (mg. %) 1 9.90 10.20
Sodium (mg. %) 2 344.40 426.95
Potassium (mg. %) 2 28.10 42.25
Magnesium (mg. %) 1 2.42 1.69
Protein N (mg. 7.) 2 135.00 250.00
pH 2 7.27 8.24
1/
N.S. = Not significant at the 5% level of probability.
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of levels of chemical constituents was quite difficult. Nevertheless, 
this was attempted because it was believed that such classifications 
might at least give some indications of possible causes of the re­
productive problems in the cows studied. In order to correlate the 
specific composition of luminal fluids with the nature of the 
reproductive performance of the animal concerned, the experimental 
animals were classified on the basis of high and/or low amount of certain 
chemical constituents in their luminal fluids.
1. Luminal fluids of cows with high concentration of sodium, potassium, 
calcium and magnesium
Table 10 shows a comparison between the fluids of repeat breeding 
cows with high concentrations of certain chemical constituents with 
those of cows with apparently normal reproductive performance. All 
cows, excepting G-93, were treated with stilbestrol prior to previous 
estrous cycles, but not immediately prior to the cycle in which the 
samples were collected. These animals were not diagnosed as pregnant 
despite 6 to 13 services. They also showed no clinical evidence of 
any disease or gross detectable genital abnormality. The "normal" 
cows, on the other hand, were diagnosed as pregnant following either 
the first, second or third service.
It will be noted in Table 10 that all of the electrolytes, with 
the exception of magnesium, in some instances were higher in the repeat 
breeding cows than in the "normal" cows. In some cases, the levels of 
these electrolytes exceeded the averages for the normal cows by one or 
more standard deviations. Although the numbers of animals are small 
in these comparisons and any statistical treatment of the data would 
be questionable, the results shown in Table 10 indicate that the levels
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TABLE 10
Luminal fluids of repeat breeding cows with high concentrations of 
sodium, potassium, calcium and magnesium (mg. %) as compared with
"normal" cows
Cow no.
Repeat breeding cows
Kind of
luminal fluid Na . K Ca Mg
Reducing
sugars
486 Uterine 473.8 82.1 40.0 3.4 101.7
370 Uterine 517.5 126.3 26.0 3.9 113.6
491 Uterine 483.0 116.5 24.6 2.2 55.2
G-93 Uterine 529.0 91.5 20.0 2.1 76.5
491 Cervical 414.0 83.7 22.2 2.2 67.6
Six "normal" cows (cervical fluid)
Mean 306.5 55.6 11.4 1.6 48.9
Standard deviation 63.3 10.3 4.7 0.4 21.4
Level
One "normal" cow (uterine fluid)
404.8 18.3 6.3 2,2 26.3
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of electrolytes in the luminal fluids of these repeat breeding cows 
may have had an adverse effect on fertility. This indication is 
enhanced further by the literature on the role of electrolytes in 
diluents for bovine spermatozoa. The electrolytes largely determine 
the character of a body fluid by constituting an integral part of its 
osmotic pressure, buffer system and pH mechanism (17). The luminal 
fluids of these cows had a distinctly higher pH than the one advocated 
to be optimum for spermatozoan livability (2, 37, 56). Although, 
higher alkalinity would stimulate sperm motility and metabolism, it 
would also shorten their life in the medium (37, 56), According to 
Milovanov, as cited by Anderson (39), the agglutination of spermatozoa 
is increased in more alkaline medium. The agglutinated spermatozoa 
lose their fertilizing ability. These fluids also showed a higher 
concentration of electrolytes as compared to that obtained by the past 
workers (46) for these fluids. Thus, these fluids might have been 
hypertonic as well. There exists an interaction between the action of 
electrolytes and pH (39). Spermatozoa appear to be more sensitive to 
hypertonicity in an alkaline medium (2). This might have further 
aggravated the situation.
As shown in Table 10, the levels of reducing sugars for the repeat 
breeding cows were considerably higher than those for the "normal" cows. 
This may have diminished to some extent the adverse effect of the 
hypertonicity in the medium (2).
Relatively high concentrations of potassium have been found to be 
inhibitory to glycolysis and respiration of bovine spermatozoa (16). 
Calcium is also reported to be undesirable in the diluent for bull 
semen (6). It inhibits glycolysis, respiration and motility of 
spermatozoa.
57
2. Luminal fluids with high concentration of sodium, potassium, 
magnesium and inorganic phosphate
Two samplings of cervical fluids were obrained from one of the 
repeat breeding cows. These fluids had high levels of spdium, magnesium, 
potassium and inorganic phosphate. This cow was the only known case 
of nymphomaniac among the experimental animals.. She had been treated 
with stilbestrol earlier and had been exhibiting short and irregular 
estrous cycles. In spite of having been bred 13 times, she had not 
become pregnant. Data on this cow are presented here as a matter of 
interest.
The pH values for the two samples of cervical fluids from this 
cow were 9.25 and 8.85, respectively. The concentrations (mg. %) 
for the two samples for Na, K, Mg, Ca, reducing sugars and inorganic 
phosphate were 404.8, 108.3, 6.7, 11.0, 111.6 and 8.0, and; 460.0,
78.2, 5.2, 13.4, 30.6 and 8.0, respectively. The average level of 
inorganic phosphate (mg. 70) for the cervical fluids of the "normal" 
cows was 4.4. When the values for this cow are compared with those 
shown in Table 7 for "normal" cows, it will be noted that her values 
were considerably higher for most of the electrolytes and inorganic 
phosphate. This high level of inorganic phosphate may have tended to 
depress the motility and respiration of the spermatozoa as has been 
discussed previously. Consequently, the chances of fertilization in 
her fluids may have been lessened. Of course, many other factors other 
than luminal environment may have been involved in this cow.
3. Luminal fluids with high levels of sodium and magnesium
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TABLE 11
Luminal fluids of repeat breeding cows, undecided group of cows 
and "normal" cows compared as to levels of sodium, magnesium, 
inorganic phosphate and reducing sugars (mg. %)
Cow no.
Kind of
luminal fluid Na Mg Inorganic P
Reducing
sugars
Repeat breeding cows
370 Cervical 433.3 2.5 7.5 34.0
F-93 Cervical 414.0 2.3 3.4 86.6
486 Cervical 392.4 2.4 0.9 50.0
382 Cervical 409.4 3.5 2.5 18.8
415 Cervical 460.0 2.1 5.2 26.6
450 Cervical 358.8 2.3 5.4 11.5
412 Cervical 414.0 5.2 2.4 14.1
412 Cervical 425.5 2.6 9.0 67.6
Average 413.4 2.8 4.5 38.6
F-93 Uterine 404.8 2.2 2.5 26.3
450 Uterine 335.8 3.6 12.2 55.2
238 Uterine 439.9 2.8 8.1 39.3
Average 393.5 2.9 
Undecided cows
7.6 40.3
413 Cervical 391.0 3.1 3.4 8.2
G-75 Cervical 433.3. 2.5 . 1.2 8.6
500 Uterine 352.2 
Normal cows
2.4 5.3 25.0
Av. for
6 cows Cervical 306.5 1.6 4.4 48.9
Value for 
1 cow Uterine 404.8 2.2 6.3 26.3
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Table 11 gives comparisons of the levels of sodium, magnesium, 
inorganic phosphate and reducing sugars found in the luminal fluids 
of repeat breeding, undecided and "normal" cows. The following cows 
received stilbestrol treatments: 370, F-93, 486, 382 and 500. The 
remainder of the cows was not treated with hormones. As shown in 
Table 11, the average concentration of sodium and magnesium in the 
cervical fluids for the repeat breeding cows was higher than that for 
the "normal" cows. Also, some of the cows in the repeat breeding group 
had below normal levels of inorganic phosphate in their cervical 
fluids. The same general trends existed in the uterine fluids as 
found in the cervical fluids.
It has been reported that a minimum amount of inorganic phosphate 
is necessary for essential energy transformations at the cellular level 
(33, 68). As is the case with potassium and magnesium, inorganic 
phosphorous is important for the maintenance of glycolysis, respira­
tion and motility of bovine spermatozoa (33). It is more important 
for glycolysis than for respiration, and an exogenous source of 
phosphate is essential for glycolysis. It also plays an important 
role in buffering action of the medium.
During the course of the experiment, only one of the cows in the 
repeat breeding group, cow F-93, became pregnant. She was diagnosed 
pregnant following the eleventh service. Thus, it would appear that 
the.levels of the chemical constituents in the luminal fluids of 
these repeat breeding cows may have played a role in their reproductive 
problems. It should be emphasized that data from only one normal 
sample of uterine fluid from F-93 is given in Table 11. Therefore, it 
is believed that the values for this "normal" cow should not receive
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undue emphasis in comparison with those for the repeat breeding cows.
4. Luminal fluids with relatively normal concentrations of various 
chemical constituents from repeat breeding cows
Table 12 gives the concentration of various chemical constituents 
for five samples of cervical and two uterine fluids obtained from five 
repeat breeding cows* It should be emphasized that although the 
luminal fluids had almost the same patterns of composition as those of 
the "normal" cows, these cows were not diagnosed pregnant inspite of 
9 to 13 services. Two of these cows (414 and 293) had been treated 
with stilbestrol in the preceding cycles, while the other three cows 
were untreated cases. Cow no. 414 had an inflamed vulva and cervix.
In the luminal fluid of cow no. 446, the value for inorganic phosphate 
was missing. In the remainder of the cows, the reasons for their 
infertility cannot be explained on the basis of the composition of 
their luminal environment.
5. Luminal fluids with varying levels of chemical constituents
The remainder of the samples of luminal fluids (18 cervical and 
9 uterine samples) not discussed previously in any group had varying 
levels of various constituents and were obtained from both repeat 
breeding cows and cows in the undecided group. The majority of these 
fluids had a high level of sodium and magnesium combined with a high or 
low levels of potassium, inorganic phosphates and reducing sugars.
This possibly serves to indicate that an unfavorable luminal environ­
ment may not always be due to a deficiency or toxicity of a single 
constituent in the luminal fluids of cows exhibiting the same nature 
of reproductive dysfunction within a group. A combination and inter­
action of several constituents might affect the nature of the
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TABLE 12
Luminal fluids of repeat breeding cows showing similar patterns of 
chemical composition as that of "normal" cows
Cow
no.
Kind of 
luminal fluid
Na K
Concentration (mg. 
Mg Inorganic 
P
7.)
Ca Reducing
sugars
G-99 Cervical 322.0 60.2 1.1 4.5 12.0 26.0
293 Cervical 322.0 64.9 1.2 4.5 14.0 26.0
414 Cervical 225.4 55.5 0,8 5.6 8.8 38.8
479 Cervical 303.6 42.2 1.6 2,9 16.8 38.8
446 Cervical 322.0 52.4 1.6 -- 20.0 40.4
Average 299.0 55.0 1.3 4.4 14.3 34.0
414 Uterine 299.0 33.6 1.2 8.3 19.0 20.0
293 Uterine 308.2 54.7 1.5 8.3 20.0 38.0
Av. for 
6 cows Cervical 306.5 55.6
"Normal" cows 
1.6 4.4 11.4 48.9
Value for 
1 cow Uterine 404.8 18.3 2.2 6.3 6.3 26.3
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reproductive function or dysfunction. Besides, the reproductive process 
being a phenomenon of a complex mature and exhibiting the "all or none" 
law (either conception or non-conception) cannot be explained entirely 
on the basis of the luminal environment.
D. Components of reducing sugars in the luminal fluids
The protein-free filtrates of 12 samples of the luminal fluids 
were used in this study to separate and identify components of various 
reducing sugars that might be present by means of a one-way paper 
chromatogram. Reference markers of jtylose, arabinose, ribose, 
rhamnose, glucose, galactose, fructose and sucrose, singly as well as 
in mixture, were run in parallel with the solution to be examined.
None of the above sugars could be identified in the 12 samples 
studied. However, there was an indication of separation of about 
three different types of polysaccharides (muco-polysaccharides) in 
each of the samples under study. To achieve a satisfactory separation 
of these sugars, the solvent was allowed to run off the paper 
chromatogram for 72. hours, which made the separation appear more 
distinct. Thus, only the presence of (unidentified) polysaccharides 
as shown in Figure 5 was indicated in the limited number of samples of 
fluids studied. Therefore, if no simple sugars such as glucose and 
fructose, but only polysaccharides, are present in luminal fluids of 
the cow, there would be no immediate source of energy available for 
spermatozoa unless some enzymatic action occurred to breakdown the 
polysaccharides into simple sugars. It has been conclusively shown by 
previous workers (2, 37, 56) that bovine spermatozoa, as such, cannot 
utilize polysaccharides in their metabolism.
Figure 5. One way paper chromatogram showing the separation 
of polysaccharides from the luminal fluids.
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TABLE 13
Semen preservation studies in the luminal fluids
SN Cow
no. Rind of cow
Luminal
fluid
from
Reducing
sugars
mg. %
pH Motility
longevity
1 450 Repeat breeder (H.T.*)— ^ Cervix 11.5 7.55 8.0 hours
2 G-75 Undecided Cervix 34.0 8.55 8.5 hours
3 413 Undecided Cervix 11.5 8.20 6.5 hours
4 413 Undecided Uterus 0.0 8.40 4.5 hours
5 327 Undecided H.T. Cervix 11.5 7.95 6.5 hours
6 327 Undecided H.T. Uterus 6.95 8.5 hours
7 370 Repeat breeder H.T. Cervix 111.6 9.25 2.5 hours
8 238' Repeat breeder Cervix 13.0 ---- 6.5 hours
9 327 Undecided H.T. Uterus 2.3 8.00 6.5 hours
10 F-93 Relatively normal Cervix 26.25 8.25 6.5 hours
11 377 Undecided H.T. Cervix 56.7 8.50 6.5 hours
12 327 Undecided H.T. Uterus 13.10 8.00 6.5 hours
13 349 Repeat: breeder H.T. Cervix 30.0 8.20 4.0 hours
14 445 Repeat breeder Cervix 28.3 7.50 4.0 hours
15 414 Repeat breeder, H.T. Uterus 20.0 8.6 2.0 hours
16 --- Control 6.0 hours
1/
Hormone treated
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E. Semen preservation studies in the luminal fluids
The livability of spermatozoa was studied in the samples of five 
uterine and ten cervical fluids. The semen was diluted at the ratio 
1:3:1 (semen: egg yolk citrate: luminal fluid), and in the control
samples containing semen and egg yolk citrate at the ratio of 1:4.
The results of this study are shown'in Table 13. The first ejaculate 
of a fertile bull, having an initial motility score of 70%, spermato- 
zoan concentration 991 x 10^ per ml., 92% morphologically normal 
spermatozoa, and methylene blue reduction time 4.5 minutes, was split 
into the requisite number of parts and used for each of the samples 
of luminal fluids as well as the control. This procedure nullified 
any among bull variation for the semen splits.
The average livability of the spermatozoa in the samples of 
uterine fluids was found to be 5.6 hours with a range from 2.0 to 8.5 
hours. In the cervical samples, the average livability of the sperma­
tozoa was found to be 6.0 hours with a range from 4.0 to 8.5 hours.
The control sample preserved the spermatozoa for 6 hours under identical 
conditions. One uterine sample from a repeat breeder (cow no. 414) 
with an inflamed vulva and cervix preserved the spermatozoa for the 
shortest period of time. Three samples of cervical fluids, two from 
cows in hormonally-induced estrus and one from the nymphomaniac cow 
treated with stilbestrol, exhibited the least sperm-preservation 
capacity. This sindy with a limited number of samples indicated that 
the luminal fluids had a sperm-preservation capacity which varied 
among fluids.
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F. General Discussion
The present work has shown that the luminal fluids of the cervix 
and uterus can be obtained in reasonable amounts from live cow. It 
also has indicated that there is a distinct compositional variation 
between the fluids obtained from the intact organs of cows and those 
collected from the slaughter-house material. Probably a more accurate 
picture of the problem of infertility will be obtained if studies are 
conducted with samples from live cows to derive various relevant re­
lationships between the biological nature of the fluids and the level 
of fertility in cows. The slaughtered cows are no longer normal 
animals. They may not give a true picture of the secretions that 
would have been obtained from their live organs0 Moreover, studies 
should be more meaningful if they were conducted with animals which 
one wants to keep in a herd, rather than with those which have been 
culled due to various obvious genital abnormalities and/or diseases. 
Furthermore, the reproductive history of most cows prior to slaughter 
is unknown.
The present work also reveals that a considerable compositional 
variation exists even among the fluids from cows with apparently 
similar reproductive status. In view of so much variability being in­
volved in the composition of these fluids, it appears as if each 
individual animal were a law within itself. Past studies have not re­
ported individual variations or ranges in various constituents of the 
secretions obtained from cows at a particular stage of the estrous cycle.
The biochemical and physiological properties of the luminal 
fluids presented herein are not in a certain sense comparable with the 
results obtained by earlier workers. Little data are available on the
chemical composition of the cervical mucus as such. The uterine 
fluids studied in the past were obtained from slaughter-house 
material, and the reproductive background of the animals was unknown 
in many cases. The samples were also pooled. However, a comparison 
of results indicates a distinct variation in sodium, potassium, protein 
and pH values between the results for uterine fluids in the past and 
the present studies. In addition, the present finding that the uterine 
fluid is more alkaline than the cervical fluid is contrary to the 
findings of the earlier workers (45, 46). However, there is a con­
currence in the finding that the luminal fluids have the capacity to 
preserve spermatozoa and that this varies among fluids.
The chromatographic studies indicated the presence of complex 
polysaccharides in both types of the luminal fluids studied. The 
luminal fluids of the cervix and uterus appear to be a material of 
complex nature. These fluids might contain several unknown and 
unidentified substances which might have stimulatory or inhibitory 
influences on the metabolic behavior of the sex cells in vivo, either 
singly or jointly through the various metabolic pathways. The present 
study with the limited number of samples appeared to indicate that an 
unfavorable luminal environment of the cervix and uterus for the 
metabolism and fertilization of sex cells might have been partly due 
to the individual or combined effects of the high concentration of the 
electrolytes, viz., sodium, potassium, calcium and nmgnesium, as was 
observed the majority of the samples of secretions from repeat 
breeding cows. More research, however, is needed to either confirm 
or disprove this. The reasons for making this statement, are that the
number of luminal samples were limited, that variation in the samples 
was great and that spermatozoan livability in the luminal fluids of 
some repeat breeding cows was quite good.
V. SUMMARY AND CONCLUSIONS 
A study was conducted to characterize the biochemical and 
physiological properties of the cervical and uterine fluids from live 
dairy cows during estrus. Also, a suitable device and technique were 
evolved to obtain the fluids in satisfactory amounts from the intact 
organs of the cows. Certain modifications in the device have been 
recommended to increase the accuracy and efficiency of the technique.
The experimental material consisted of 61 samples, including 41 
from the cervix and 20 from the uterus. These samples were obtained 
from 38 dairy cows within 6 to 8 hours after the onset of estrus. 
Subsequent to the collection of the samples, each cow was bred 
artificially.
The following results were obtained:
1. The average quantity of the luminal fluids 
collected from the cervix and the uterus was about 
2 to 3 ml.
2. The average density values of the cervical and 
the uterine fluids were 0.952 and 0.975, respectively.
3. The average pH values of the cervical and the 
uterine fluids were 7.81 and 7.91, respectively.
The difference between the two values was found to 
approach significance (P =<.05). The pH values were 
found to vary among successive samples from the same 
cow. Hormonal treatment appeared to have some in­
fluence on the pH values of the fluids. The
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administration of estrogen appeared to shift the pH 
values of the fluids towards alkalinity while that of 
chorionic gonadotrophin tended to abate this affect 
and shift the pH in the reverse direction.
4. The average concentrations in mg./lOO ml. of 
various constituents in the cervical and uterine 
fluids, respectively, were as follows:
Na-315.8 and 371.7; K-75.6 and 77.5; Ca-10.9 and 
17.3; Mg-2.7 and 2.4; Inorganic P-3.1 and 6.6;
Reducing sugars-44.3 and 41.8; and Protein N-97.0 
and 497.0. The differences in the level of Na, Ca, 
Inorganic P and Protein N between the two fluids were 
found to be highly significant (P =<.01). Composi­
tional variations were found between successive 
samples from the same cow and among cows within the 
same reproductive group. Various reasons for such 
variations were discussed. The fluids from repeat 
breeding cows appeared to have a higher concentration 
of electrolytes than those obtained from cows showing 
relatively normal reproductive performance.
5. The chromatographic studies indicated the 
presence of complex polysaccharides (muco-poly- 
saccharides) in both type of luminal fluids.
6. Both the cervical and the uterine fluids showed 
sperm-preservation capacity which varied among fluids.
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In conclusion, the results of the study reported herein indicate 
that there is considerable variation in the chemical composition of 
the luminal fluids of cows irrespective of their reproductive back­
ground. Therefore, further studies along these lines should be 
conducted with large number of samples, both within and among cows.
In order to relate the chemical composition of the luminal fluids 
from the cows with their different levels of fertility, the first 
approach probably should be to study those cows with relatively 
normal reproductive performance. Once this is achieved, subsequent 
studies should follow with cows falling into different groups of 
recognized reproductive abnormalities, each group again being con­
fined to almost similar abnormal reproductive status. Concomitant 
studies of blood in respect to its different chemical constituents 
including hormones might place the above findings on a better 
foothold. Their significant contributions, however, would be both in 
the diagnosis and therapy of certain presently unknown causes of 
infertility, once they are ascertained by the approach outlined above.
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APPENDIX TABLE 1
Dairy cattle fertility studies
Chain' tag_ 
Herd
Cow/heifer_
Breed
Sire
Date of birth
Hormonal treatments, if any_
Disease incidences, if any_
Any other remarks
Date of 
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Date & hour 
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of heat
No« of 
days 
since 
calving
Date of
last
service
Total 
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to date
Time Nature Condi
of and tion
collec­ amount of
tion of of geni­
bamples secre­ talia
tion
Time
Bred
Bull
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Length of estrous 
cycle
-j
VO
VXXX AUTOBIOGRAPHY
Harish Chandra Gupta was born in the village of Quadribagh,
U.P., India, on July 5, 1925. He graduated from Victoria High 
School, Agra, U.P. in 1943. He entered Balwant Rajput College,
Agra in 1943 and earned his B.Sc. degree in Agriculture in 1947 from 
Agra University. For a period of two years, he remained as a school 
teacher in the Intermediate Colleges in Uttar Pradesh. Since July, 
1949, he has been a U.P. Government employee and has served the 
state in various capacities, namely, farm assistant, cultivation 
incharge, and research assistant. At present, he is on leave from 
his position as cultivation incharge at the U.P. College of Veterinary 
Science and Animal Husbandry, Mathura, India. In September, 1958 he 
began his graduate work at Oklahoma State University and in August, 
1959, he was granted a Master of Science degree in Animal Breeding.
Since September, 1959, he has been employed by the Dairy 
Department of Louisiana State University as a graduate research 
assistant. During this time, he has worked towards the degree of 
Doctor of Philosophy with a major in physiology of reproduction of 
dairy cattle and a minor in biochemistry and animal industry.
80
EXAMINATION AND THESIS REPORT
Candidate: HARISH CHANDRA GUPTA
Major Field: Dairying
Title of Thesis: BIOCHEMICAL AND PHYSIOLOGICAL PROPERTIES OF THE CERVICAL
AND UTERINE FLUIDS OF THE COW DURING ESTRUS.
Approved:
:ajor Professor and Chairman
Dean of the Graduate School
EXAMINING COMMITTEE:
Date of Examination: 
August 4 . 1961
